It has been suggested that osteoporosis and coronary artery disease (CAD) have overlapping pathophysiological mechanisms and related risk factors. The aim of this study was to investigate the association between several traditional cardiovascular risk factors and measures of bone mineral density (BMD) in postmenopausal women with and without clinically significant CAD defined angiographically. A case-control study was undertaken of 180 postmenopausal women (aged between 48 and 88 years) who were recruited from King Abdulaziz University Hospital, Saudi Arabia. Study subjects underwent dual-energy x-ray absorptiometry and coronary angiography. The presence of hypertension, diabetes, dyslipidemia, obesity, smoking and physical activity was identified from clinical examination and history. Demographic, anthropometric and biochemical characteristics were measured. Univariate and multivariate analyses were employed to explore the relationships between cardiovascular risk factors, including BMD, and the presence of CAD. CAD patients were more likely to have a lower BMD and T-score at the femoral neck than those without CAD (Po0.05). Significant differences were found between the groups for fasting lipid profile, fasting blood glucose and anthropometric measures (Po0.05). Conditional logistic regression showed that 3 risk factors were significantly related with the presence of CAD: high-density lipoprotein-cholesterol (odds ratio, OR: 0.226, 95% confidence interval, CI: 0.062-0.826), fasting plasma glucose (OR: 1.154, 95% CI: 1.042-1.278) and femoral neck T-score (OR: 0.545, 95% CI: 0.374-0.794). This study suggests an association of low BMD and elevated CAD risk. Nevertheless, additional longitudinal studies are needed to determine the temporal sequence of this association.
Introduction
Coronary artery disease (CAD) is one of the leading causes of death globally and is projected to remain so in the future. 1 Osteoporosis and CAD appear to have overlapping pathophysiological mechanisms and risk factors, including advancing age and inflammation. 2 Estrogen deficiency in the postmenopausal period is a risk factor for both CAD and osteoporosis. 3 In women, additional risk factors exist, such as the use of contraceptives. 4 Estrogen promotes fat accumulation in the gluteal-femoral region, 5 whereas estrogen deficiency appears to have a role in increasing centrally deposited fat in postmenopausal women. 6 Several prospective studies have suggested that, as women enter the menopause, there is a marked increase in the risk of CAD, including a greater likelihood of myocardial infarction and all-cause mortality. 7, 8 Unsurprisingly, in the light of these research results, there have been recommendations regarding lifestyle change as a means of primary prevention of CAD in postmenopausal women. 9 The aim of this study was to investigate the association between traditional cardiovascular risk factors and measures of bone mineral density (BMD) in postmenopausal women with and without clinically significant CAD, defined angiographically.
Results

Demographic characteristics of the study population
On the basis of angiographic data, postmenopausal women were categorized into 2 groups: those who had clinically significant CAD (X50% luminal stenosis in a major coronary artery) and those who had no discernible clinically significant focal narrowing. They were matched for age.
There were no significant differences between the groups in terms of demographic characteristics ( Table 1) , except for educational attainment (Po0.05).
Classic cardiovascular risk factors in the study population CAD patients were more likely to have a fasting plasma glucose (FPG) X7 mmol l À 1 than their control counterparts (51% vs 30%, Po0.05), and conversely more postmenopausal women without CAD had high-density lipoprotein-cholesterol (HDL-C) 41.04 mmol l À 1 than women with CAD (14% vs 30%, Po0.05). On univariate analysis, significant differences were found between the two groups for total cholesterol (TC), HDL-C, lowdensity lipoprotein-cholesterol (LDL-C) and FBG (Po0.05). In addition, anthropometric measurements among those who had CAD with respect to height, weight, hip circumference (HC) and waist-hip ratio (WHR) were significantly higher than those of subjects without CAD (Po0.05). Obesity was highly prevalent among the study population by all anthropometric measures ( Table 2) .
BMD in the study population
Patients who had clinically significant CAD (X50% stenosis) were also more likely to have a low BMD ( Table 3) . Dual-energy X-ray absorptiometry (DXA) data showed significant differences in BMD and T-scores for the femoral neck (Po0.01) between those who had CAD and those who did not. The prevalence of osteopenia in the lumbar spine region was 29 and 39% (P o0.05) in the subjects without CAD and those with CAD, respectively. In postmenopausal women without and with CAD, the prevalence of osteopenia at the femur neck region was 34 and 42%, respectively (P o0.05).
When the study population was subcategorized according to the number of occluded coronary blood vessels ( Figure 1) , prevalence rates of osteopenia and osteoporosis (as documented by DXA scan) in the three skeletal sites were comparable with respect to distribution, except for a greater prevalence of osteoporosis in the single vessel disease/double vessel disease group at lumbar spine region (14%) versus femoral neck and total hip regions (2 and 5%, respectively). (Table 4 ) shows a summary of correlations of BMD with cardiovascular risk factors in the 180 women. Only age was significantly correlated (inversely) with lumbar spine BMD, femoral neck BMD and total hip BMD, whereas positive correlations were reported with weight, height, body mass index (BMI), WC and HC for BMD measures in three skeletal sites. Furthermore, the atherogenic index (AI) (TC/HDL-C) was positively correlated with both femoral neck BMD and total hip BMD, whereas WHR was negatively correlated with femoral neck BMD only. FPG and triglyceride (TG) were positively associated with total hip BMD, and serum insulin was positively associated with both lumbar spine and total hip BMD. Diastolic blood pressure was associated with femoral neck BMD.
Relationship between BMD and classical cardiovascular risk factors in the study population
Conditional logistic regression analysis was performed to adjust for confounding variables, and the odds ratio (ORs) of CAD and associated 95% confidence intervals (CIs) were calculated ( Table 5 ). Several of the potentially confounding and effect-modifying factors were included in the model. Three risk factors were significantly related with the presence of angiographically defined luminal narrowing (X50%): HDL-C, FPG and femur neck T score. They were included as continuous variables in the model. A high FPG level was associated with 1.2-fold excess risk of CAD (OR: 1.154, 95% CI: 1.042-1.278) and thereby conferred the highest risk for significant CAD. HDL-C level (OR: 0.226, 95% CI: 0.062-0.826) and femur neck T-score (OR: 0.545, 95% CI: 0.374-0.794) were found to be protective factors.
Discussion
Low BMD and CVD share many risk factors including age, smoking, low physical activity and hypertension and thus could Classic cardiovascular risk factors in the study population Our study subjects had been referred for cardiovascular risk factor modification, and this may in part explain the high Bone mineral density and atherosclerosis EM Alissa et al prevalence of type 2 diabetes mellitus (E41% of total population). Furthermore, patients with CAD tend to be physically inactive, thus contributing to a lower BMD. Nevertheless, one-third of our patients reported normal activities on their health questionnaires, and the prevalence of osteoporosis was relatively low (E23% of the whole population). Cardiovascular risk was found to be reduced by 79% and 45% for every one-unit increase in the levels of HDL-C and femoral neck T-score, respectively. Accordingly, our findings lend a plausible explanation for the reported increased cardiovascular events in osteoporotic patients. 10 The athero-protective effect of elevated serum HDL-C level has always been attributed to its promotion of reverse cholesterol transport. Intravenous administration of reconstituted HDL-C particles in clinical trials has been associated with regression of coronary atherosclerosis, improvement in endothelial function and anti-inflammatory markers. 11, 12 This is certainly plausible considering the potential anti-atherogenic and anti-inflammatory effects of HDL-C molecules. 13 The menopause may affect BMD because estrogen deficiency is known to adversely affect bone turnover and lipid profile in postmenopausal women. 14 Serum total cholesterol was suggested to be a risk factor for osteoporotic fractures, Figure 1 Prevalence of osteopenia and osteoporosis in relation to BMD values at the three skeletal sites among the study population categorized by degree of coronary heart disease using the number of occluded coronary blood vessels. MVD, multivessel disease; SVD/DVD, single vessel disease/double vessel disease, ZVD, zero vessel disease.
Bone mineral density and atherosclerosis EM Alissa et al perhaps pointing to a common or overlapping origin of CAD and osteoporosis. 15 An indirect association between serum total cholesterol and BMD, which has been considered a strong determinant of osteoporotic fractures, has been demonstrated. 16 Furthermore, it has been found that hard cardiovascular end points are strong predictive risk factors for hip fractures among elderly men. 17 Postmenopausal women without CAD had significantly higher levels of TC, LDL-C as well as HDL-C (Po0.05) than those with CAD. This difference may, in part, be explained by the differences in their lifestyle ( Table 1) . Evidence for the association between lipid levels and BMD has been inconclusive. 16 Control for confounding factors may have affected these study results.
Overweight and obesity are associated with increased risk of many adverse health outcomes including CAD but considered protective against osteoporosis. 18 Although it is generally accepted that obesity has a protective effect on bone tissue, the relationship between obesity and osteoporosis varies depending on how obesity is defined. Our study extends the findings of previous studies reporting obesity as a protective factor for vertebral fractures. 19 Of all major cardiovascular risk factors, bone mass as estimated by BMD was found to be associated with various measures of obesity ( Table 4) , which may be attributed, at least in part, to physical inactivity as reported by almost 60% of the study subjects. WC, which provides an indication of central obesity, was related to radius BMD in postmenopausal obese women. 20 
Relationship between BMD and classical cardiovascular risk factors in the study population
The association of angiographically defined CAD and BMD as measured by femoral neck T-score remained significant after adjustments for age and traditional coronary risk factors, suggesting an independent risk for CAD in women who have low BMD. Our findings support those of previous studies, which have reported an association between low BMD and cardiovascular events. 8 A correlation between low bone mass and incidence of CAD was also observed in women from the Framingham study. 14 Causal mechanisms for the reported association of BMD and cardiovascular mortality have not been clearly articulated. 21 Similar relationships with CAD could not be established for lumbar spine and total hip scores. Bakhivera et al., 22 found no independent association between spine or hip BMD and calcification of coronary arteries among asymptomatic cardiovascular patients who were not taking hormone replacement treatment. Similarly, a significant correlation was also reported between severity of coronary atherosclerosis and BMD of the proximal femur in postmenopausal women but not with lumbar spine scores. 23 This might be due to the coexistence of degenerative joint disease at those areas, which has been shown to spuriously increase BMD among elderly people. 24 As expected, advancing age was associated with a low BMD, whereas obesity, diabetes and hyperlipidemia were positively associated with BMD among postmenopausal women with CAD in the present study. Nearly half of the postmenopausal women with CAD had diabetes, a condition that conferred a 44% reduction in the likelihood of having low BMD. Both diabetes and hyperlipidemia were found to provide a comparable degree of protection from having low BMD. 25 The risk of cardiovascular events in type 2 diabetes increases by four times, compared with that of those without diabetes 26 , but elevated BMD was documented in type 2 diabetes. 27 Our retrospective study design had several limitations, including an inability to account for some potential confounding variables. Because questionnaires were used to assess selected health history data, patients may have had a recall bias with respect to risk factors. Accordingly, wherever possible, laboratory values were substituted for survey information. Selection bias of study subjects may have arisen because of their referral for cardiac catheterization; therefore, they may not be representative of the whole population. The definition of significant CAD as a X50% luminal stenosis while useful clinically is unreliable as a measure of the presence of atherosclerosis, because patients with o50% luminal stenosis are classified as not having CAD, although they may have substantial intramural coronary atherosclerosis. The sample size was relatively small, and a further study with larger population size is required. Furthermore, some variables were not measured that may have been useful, for example, degree of physical activity and hemoglobin A1c level.
In conclusion, this study suggests an association of low BMD and elevated CAD risk, as indicated by high FPG and low HDL-C. Nevertheless, additional longitudinal studies are needed to determine the temporal sequence of this association.
Materials and Methods
One hundred and eighty postmenopausal female patients aged 48-88 years were recruited sequentially from the Catheterization laboratory of the Department of Internal Medicine at King Abdulaziz University Hospital (KAUH), Jeddah, Saudi Arabia. Postmenopausal status was defined as no natural menses forX1 year and serum follicle-stimulating hormone level 440 IU l À 1 . 28 Angiography was performed for the evaluation of CAD. CAD was classified as being clinically significant if luminal narrowing was X50% in a major coronary artery. The severity of angiographically defined disease was scored by a cardiologist as previously described. 29 None of the patients had suffered a heart attack within 6 months of recruitment into the study. A diagnosis of a myocardial infarction was made in accordance with Joint European Society of Cardiology/American College of Cardiology Committee criteria. 30 Subjects were excluded if they had liver or renal disease, inflammatory disease, vascular disease (that is, peripheral vascular disease, cerebro-vascular disease), previous fractures, established osteoporosis, or had clinically evident endocrine disorders or were on treatment with any form of drug that could have a possible effect on bone or lipid metabolism, aspirin, antioxidants, hormone replacement therapy, vitamin D or calcium supplementations. Ethics approval was obtained from the KAUH Ethics Committee. Informed consent was obtained from all participants after explaining the nature and purpose of the study.
Each patient was matched with a control whose age did not differ by more than 2 years. Controls were drawn from the same patient pool as that of CAD cohort. This approach was thought to enhance the comparability of coronary risk between both groups. The presence of classical cardiovascular risk factors was obtained from the medical records of all patients and confirmed by direct questioning using a questionnaire. The following parameters were used to define cardiovascular risk: hypertension, dyslipidemia, diabetes and obesity.
Bone mineral density and atherosclerosis EM Alissa et al Dyslipidaemia was defined using the third Adult Treatment Panel criteria. 31 Hypertension was defined as a systolic blood pressure X140 mm Hg and/or a diastolic blood pressure X90 mm Hg. 32 Diabetes was defined using the American Diabetes Association criteria. 33 The clinical guidelines on the identification, evaluation and treatment of overweight and obesity in adults 34 were used to define overweight (BMI, 25-29.9 kg m À 2 ) and obesity (BMIX30 kg m À 2 ).
Demographic and anthropometric characteristics included the following: weight, measured while the subjects were minimally clothed and without shoes and recorded to the nearest 0.1 kg using a standard balance beam; and height, measured with the subjects in a standing position without shoes and with shoulders in a normal position to the nearest 0.1 cm using a Harpenden stadiometer (Holtain, Ltd., Crymych, Wales, UK). BMI was calculated in kg m À 2 . WC was measured using a tape measure at the mid-point between the lower costal margin and the level of the anterior superior iliac crest to the nearest 0.1 cm. Measurement of the WC was considered as a surrogate for visceral adipose tissue and was considered high when waist 488 cm. 35 HC was measured at the level of the greater trochanters. WHR, calculated as WC divided by HC, was used as an indicator of abdominal visceral fat, whereas body fat distribution was assessed considering WHRo0.80 as a gynecoid pattern and WHRX0.80 as an android pattern. 36 Arterial blood pressure was measured using the right arm using a standard mercury sphygmomanometer (Baumanometer, W. A. Baum Co., Inc., Copiague, NY, USA). Three blood pressure measurements with the patient seated and rested for 5 min were averaged. To avoid subjective error, all measurements were taken by the same trained staff.
A self-reported questionnaire assessment was made for the ascertainment of age, marital status, parity, age of menopause onset, smoking habits, physical activity level, family history of osteoporosis and CAD, fracture history in the subject, socioeconomic status, education level and employment status.
Smoking habit was categorized as non-smoker, former smoker and current smoker. Physical activity was self-graded by the participant according to the number of episodes of exercise undertaken per week and was categorized as active (X3 times per week) or inactive (o3 times per week) according to the recommendations of the American Heart Association consensus statement on primary prevention of coronary diseases and from the USA Surgeon General's report. 37 Fasting blood samples were taken after an overnight fast. Venous blood samples were taken from an antecubital vein and placed into plain or heparinized tubes. Tubes were centrifuged at 3000 Â g for 10 min.
Glucose, creatinine, TC), HDL-C and TGs were determined in duplicate in serum samples using the enzymatic colorimetric assays. LDL-C was calculated using the Friedewald formula in samples where the TGs were o4 mmol l À 1 . However, none of the measured samples had levels above TG 44 mmol l À 1 . All biochemical parameters were measured using kits and reagents supplied by Ortho-Clinical Diagnostics, USA, using Vitros 250 Chemistry System Autoanalyzer (Ortho-Clinical Diagnostics, Johnson & Johnson Co, Raritan, NJ, USA). Estimated glomerular filtration rate was also calculated as an index of the kidney function. Determination of plasma insulin was carried out using a sandwich chemi-luminescence immunoassay method using commercial kits (DiaSorin, Saluggia, Italy).
All patients were referred for a DXA scan. Anterior-posterior lumbar spine (L1-L4), mean of right and left femoral neck and total hip BMD were measured by DXA with a Lunar Prodigy densitometer (Lunar, Madison, WI, USA). Daily quality control was carried out by measurement of a Lunar phantom. BMD (g cm À 2 ) was compared as T-scores expressed in s.d., using the peak bone mass from the manufacturer's reference population. Osteoporosis was defined in accordance with the World Health Organization, 38 as BMD at any site greater than 2.5 s.d. below the young adult mean, and osteopenia as BMD 1-2.5 s.d. below the young adult mean.
Continuous variables are presented as mean ± standard deviation for normally distributed variables and as median (interquartile ranges) for non-normally distributed variables. Categorical variables are presented as numbers (proportions). Normality of the data was tested with a one-sample Kolmogorov-Smirnov test to indicate the appropriateness of parametric testing. Statistical analyses were performed using unpaired Student's t-test for normally distributed parameters or the Mann-Whitney test for non-normally distributed parameters. The Chi-square test was implemented when necessary for categorical variables comparison. The strength of association between different parameters was determined by Pearson's and Spearman's correlation coefficients, as indicated. ORs and 95% CIs were calculated using conditional logistic regression model to explore the relationships between cardiovascular risk factors, including BMD, and the presence of CAD. The dependent variable was a binary variable with a 'zero' value representing those with no CAD and a 'one' representing CAD patients. Variables that differed between CAD patients and their age-matched controls on univariate analysis, with P-values o0.1, were included in the model.
All analyses were performed in SPSS (version 11.5, SPSS, Inc, Chicago, IL, USA). All reported P-values were from twosided tests and compared with a significant level of 5%.
